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filing date: 8 February 2000 



applicant: Air Liquide Japan, Ltd. 

(now: Japan Air Gases Ltd.) 

A copy of the Japanese source document 
is provided after the translation. 



by 

Robert L. Meadows and 
The R. M. Meadows Company 

physical address: 1 1003 Baltus Drive, Austin, Texas 78758 USA 
postal address: P. O. Box 4779, Austin, Texas 78765-4779 USA 

voice: 512 339 0229 
fax: 512 836 2510 



email: ROBERTL@meadows.com 



so 



KG i 32003 2 CERTIFICATION 



I, Rbfi^rtfc^^dows, President of The R. M. Meadows Company 

~~ P. O. Box 4779, Austin, Texas 78765, USA 

1 1003 Baltus, Austin, Texas 78758, USA 
(512) 339 0229; 1-800-782 3361 

hereby declare 

(1) that The R. M. Meadows Company is a qualified language translation service registered in Travis County, 
State of Texas, United States of America; 

(2) that a translator thoroughly familiar with the English and Japanese languages has read the below-identified 
Japanese-language document; and 

(3) that the appended document is, to the best of our knowledge and belief, an accurate and complete 
translation, from a Certified Copy of the patent application provided by the Japanese Patent Office 
(Certification No. 2003-3097258 of 25 November 2003), of: 

B ##tf tB»^2000-030094 
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"Method and apparatus for decomposing perfluorocompounds" 
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(Document Designation) Specification 

Title of the Invention 
Method and apparatus for decomposing perfluorocompounds 

Claims 

Claim 1. Method for decomposing perfluorocompounds in which a perfluorocompound- 
containing gas is brought into heated contact with solid reagent and the fluorine 
component is fixed by said reagent, characterized in that the reagent contains an 
alkaline-earth metal compound and aluminum oxide. 

Claim 2. Reagent for decomposing perfluorocompounds, that contains an alkaline-earth 
metal compound and aluminum oxide. 

Claim 3. The reagent described in claim 2 for decomposing perfluorocompounds, in 
which the aforesaid alkaline-earth metal compound is magnesium oxide. 

Claim 4. Apparatus for decomposing perfluorocompounds that is provided with a 
reaction section packed with solid reagent, a gas throughflow pathway that can feed 
perfluorocompound-containing gas to the reaction section and can withdraw post- 
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reaction gas, and heating means that can heat the aforesaid reaction section or the gas 
fed to the reaction section, said apparatus being characterized in that the aforesaid 
reagent is reagent as described in claim 2 or 3 for decomposing perfluorocompounds. 

Detailed Description of the Invention 

[0001] 

Field of the Invention 

This invention relates to a reagent-based method for decomposing perfluorocompounds 
(hereafter referred to as PFCs), e.g., SF6, CF 4) C2F6, to the reagent used by this 
method, and to an apparatus for carrying out this method. 
[0002] 

Description of the Prior Art 

PFCs are used in the semiconductor industry as etchants and equipment cleaning 
agents. However, it has recently been confirmed that PFCs cause global warming 
when directly discharged into the atmosphere — a position adopted by the Third 
Conference of Parties (COP3) of the UN Framework Convention on Climate Change — 
and it is therefore desirable that PFCs be decomposed after their use. 



[0003] 
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The technologies available to date for decomposing PFCs include reagent-based 
decomposition, catalytic decomposition, and combustion. Reagent-based 
decomposition and catalytic decomposition are energetically more favorable since the 
interatomic bonding forces in PFCs are very high, making PFCs poorly reactive (heating 
to at least 1 ,100°C is required for thermal decomposition). Compared to catalytic 
decomposition methods, reagent-based decomposition methods, because they can fix 
the fluorine atom with the reagent, more thoroughly prevent discharge of fluorine gas 
and hydrofluoric acid from the system and have the advantage of rendering a post- 
treatment unnecessary. In addition, they do not require a steam feed into the influent 
and frequently are also advantageous on a cost basis. 

[0004] 

With regard to reagent-based PFC decomposition methods, for example, Japanese Laid 
Open (Unexamined or Kokai or A) Patent Application Number Hei 8-187302 
(187,302/1996) discloses a method in which fluorocarbon is brought into contact in a 
nonoxidizing atmosphere with reagent comprising solid carbonaceous material and an 
alkaline-earth metal compound. Japanese Laid Open (Unexamined or Kokai or A) 
Patent Application Number Hei 10-277363 (277,363/1998) discloses a method in which 
fluorocarbon is brought into contact at a temperature of at least 200°C with reagent 
containing carbon, alkaline-earth metal, and alkali metal and the halogen component is 
fixed by the reagent. 



[0005] 



Patent Application 2000-030094 



Page 7 / 23 



Problems to Be Solved by the Invention 

When the reagent contains carbonaceous material, however, there is a pronounced 
tendency for the strength after granulation and calcination to be inadequate. Moreover, 
when oxygen is present in the gas undergoing treatment, the carbon is consumed by 
reaction, which leads to a decline in the strength of the reagent and makes it difficult to 
carry out the desired reaction. 

[0006] 

Therefore, an object of this invention is to provide a safe, low-temperature, and very 
efficient method for decomposing PFCs using a chemically stable reagent that also 
exhibits a stable strength. Additional objects are to provide the reagent used by this 
method and an apparatus for carrying out this decomposition method. 

[0007] 

Means Solving the Problems 

In order to achieve these objects, the inventors carried out various investigations into 
the constituent components of the reagent used for the decomposition reaction. It was 
discovered that the aforesaid objects could be achieved by the use as the reagent of 
aluminum oxide containing an alkaline-earth metal compound. This invention was 
achieved based on this discovery. 



Patent Application 2000-030094 



Page 8 / 23 



[0008] 

In specific terms, the decomposition method according to this invention comprises a 
method for decomposing perfluorocompounds in which a perfluorocompound-containing 
gas is brought into heated contact with solid reagent and the fluorine component is fixed 
by said reagent, said method being characterized in that the reagent contains an 
alkaline-earth metal compound and aluminum oxide. 

[0009] 

The reagent according to this invention is a reagent for decomposing 
perfluorocompounds that contains an alkaline-earth metal compound and aluminum 
oxide. 

[0010] 

The alkaline-earth metal compound referenced above is preferably magnesium oxide. 
[0011] 

The decomposition apparatus according to the present invention comprises an 
apparatus for decomposing perfluorocompounds that is provided with a reaction section 
packed with solid reagent, a gas throughflow pathway that can feed 
perfluorocompound-containing gas to the reaction section and can withdraw post- 
reaction gas, and a heating means that can heat the aforesaid reaction section or the 
gas fed to the reaction section, said decomposition apparatus being characterized in 
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that the aforesaid reagent is a reagent for decomposing perfluorocompounds as 
described above. 

[0012] 

Function 

The decomposition method according to the present invention, through its use of 
reagent containing an alkaline-earth metal compound and aluminum oxide, enables the 
safe, low-temperature decomposition of PFCs at very good efficiencies, as shown by 
the results in the examples, using a chemically stable reagent that also exhibits a stable 
strength. The reason for this is not understood in detail, but the following can be 
postulated. 

[0013] 

During the reaction between the alkaline-earth metal compound and perfluorocompound 
that results in fixing of the fluorine component, it is thought that the aluminum oxide has 
a catalytic activity that accelerates this reaction. The aluminum oxide is therefore not 
consumed by the reaction between these two species, and since it functions as a binder 
component a reagent is obtained that is stable both chemically and in terms of strength. 
Moreover, since aluminum oxide by itself functions as a catalyst or reagent vis-a-vis 
PFC decomposition, the aluminum oxide can maintain the PFC decomposition rate to 
some degree even as the alkaline-earth metal compound is consumed. 
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[0014] 

For the same reasons as described above, the reagent according to this invention can 
carry out a safe, low-temperature decomposition of PFCs at very good efficiencies using 
reagent that is stable both chemically and in terms of strength. 

[0015] 

The direct decomposition of PFCs at good efficiencies is believed to proceed according 
to the following reaction equations when magnesium oxide is used as the alkaline-earth 
metal compound 

[0016] 

CF 4 + 2MgO -» 2MgF 2 + C0 2 

C 2 F 6 + 3MgO 3MgF 2 + 2CO + 1/20 2 

SF 6 + 3MgO -> 3MgF 2 + S0 2 + 1/20 2 

The same reactions are presumed to occur with the other alkaline-earth metal oxides. 
In the case of, for example, the metal carbonates and metal nitrates, the metal oxide is 
produced during the calcination associated with production or during the decomposition 
reaction and the above-described reactions are believed to form a part of the 
elementary reactions. 



[0017] 
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The decomposition apparatus according to this invention can, again as described 
above, carry out the safe, low-temperature decomposition of PFCs at very good 
efficiencies using reagent that is stable both chemically and in terms of strength. 

[0018] 

Embodiments of the Invention 

The reagent, apparatus, and method for decomposing PFCs will be explained in this 
sequence in the following using embodiments of this invention. 

[0019] 

The reagent for PFC decomposition 

The inventive reagent for decomposing PFCs contains an alkaline-earth metal 
compound and aluminum oxide. 

[0020] 

Be, Mg, Ca, Sr, and Ba are examples of the alkaline-earth metal that can be present in 
the alkaline-earth metal compound, with Ca and Mg being preferred. The alkaline-earth 
metal compound can be exemplified by the alkaline-earth metal oxides and hydroxides 
and salts such as the carbonates, wherein the alkaline-earth metal oxides are preferred. 
Sources of the Ca and Mg oxides, hydroxides, and carbonates can be specifically 
exemplified by quick lime, slaked lime, marble, magnesium carbonate, and dolomite. 
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[0021] 

A single alkaline-earth metal compound or a mixture of alkaline-earth metal compounds 
can be used. The content of this metal compound should generally be 0.1 to 90 
weight% with reference to the total, and is preferably 1 to 70 weight% with reference to 
the total and more preferably is 5 to 50 weight% with reference to the total. The 
treatment capacity increases with increasing content of this metal compound, but an 
overly large content results in the onset of a declining trend for the initial properties and 
the properties during the reaction. 



[0022] 

The aluminum oxide is preferably y-alumina, 6-alumina, or their mixture for the high 
reaction activity thereby afforded. The aluminum oxide content should generally be 10 
to 99.9 weight% and is preferably 20 to 99 weight% and more preferably is 50 to 95 
weight%. 



[0023] 

Organic binders such as polyvinyl alcohol and inorganic binders such as silicas and 
calcium hydroxide can also be used as optional components. The content of these 
binders in the reagent is preferably no more than 20 weight%. In addition, the impurities 
associated with the source materials may also be present. Catalytic components, such 
as Zn, Ti, Ni, Fe, Co, Zr, and Pt, may also be present, and these components may have 
been supported on alumina in advance. 
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[0024] 

The reagent according to the present invention is a solid that contains the components 
described above. Granules with a particle size of 2 to 5 mm are preferred in order to 
improve the opportunity for contact with the gas being fed to decomposition. The 
reagent is preferably a porous granule in which starting materials with particle sizes no 
greater than 100 ^im have been intermixed to homogeneity. This granule can be 
prepared by the following process: intermixing of the various source materials, supra, in 
powder form; addition of a suitable amount of water along with, depending on the 
particular circumstances, addition of an appropriate binder; kneading and granulation; 
then drying and evaporation of the moisture fraction. 



[0025] 

Calcined granules are particularly preferred for the granules under consideration; these 
may be prepared by post-calcination grinding. When post-calcination grinding is 
employed, it can be implemented by a process in which the various source materials 
are mixed and subjected to compression molding and then calcined and the calcinate is 
ground and classified. 



[0026] 

The kneader used for kneading is preferably a device that can carry out mixing and 
granulation at the same time. For example, the use of a Henschel mixer or vertical 
mixer enables mixing and granulation to be carried out simultaneously. However, it will 
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also be possible to first mix the source materials using a Henschel mixer or V-mixer and 
to thereafter carry out granulation using a pan granulator or a drum pelletizer. 

[0027] 

The apparatus for PFC decomposition 

As illustrated in Figure 1 , the inventive apparatus for PFC decomposition is provided 
with a reaction section 2 that is packed with solid reagent 1 , gas throughflow pathways 
3a to 3c that can feed perfluorocompound-containing gas to the reaction section 2 and 
can withdraw post-reaction gas, and heating means 4a, 4b that can heat the aforesaid 
reaction section 2 or the gas fed to the reaction section 2. The particular embodiment 
under consideration illustrates an example that is also provided with valves V1 and V2 
for adjusting the feed rate and dilution concentration of the gas to be treated (hereafter 
referred to as the substrate gas), a preheater 5 that preheats the substrate gas, and a 
cooler 6 that cools the effluent gas. 

[0028] 

The flow rate of PFC-containing gas supplied as effluent gas from a semiconductor 
fabrication facility is adjusted by the valve V2. The overall feed rate and dilution 
concentration of the substrate gas are adjusted by adjusting the feed rate of dilution 
gas, for example, nitrogen, using the valve V1 . The substrate gas is then introduced 
into the conduit section 5a of the preheater 5 and is preheated by heat exchange 
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against hot gas that has been discharged from the reaction section 2 and introduced 
into the container 5b. 

[0029] 

The reaction section 2 is provided with an inner tube 2a and an outer tube 2b fabricated 
of material capable of withstanding temperatures as high as 1,000°C and above, for 
example, an alumina furnace core tube! The inventive reagent 1 is packed and 
supported between these tubes. A heating means 4b provided with an electric heater, 
for example, a ceramic heater, is disposed on the circumference of the outer tube 2b of 
the reaction section 2, while a heating means 4a provided with an electric heater is 
disposed in the interior of the inner tube 2a. Ceramic-sheathed thermocouples (not 
shown) are provided in various regions of the reagent 1 for the purpose of temperature 
control. In addition, the reagent 1 may be filled divided into a plurality of stages with the 
reagent residing further downstream having a higher strength. 

[0030] 

The preheated substrate gas is introduced through the gas throughflow pathway 3a into 
the inner tube 2a of the reaction section 2 and is heated to around the reaction 
temperature by the heating means 4a. The heated substrate gas then passes through 
the lower gas throughflow pathway 3b and is thereafter brought into contact with the 
granular reagent 1 while traversing the gap. It is discharged after the decomposition 
reaction through the gas throughflow pathway 3c. 
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[0031] 

The discharged gas is discharged through the preheater 5 and is cooled to an 
appropriate temperature by a cooler 6 that is provided with an air-coojing fan. 

[0032] 

In addition to the production of, for example, hydrogen fluoride, nitrogen oxides due to 
dilution with air or nitrogen, etc., sulfur oxides may be produced in some cases, and as 
a consequence a treatment column may be provided as a post-stage for the reaction 
section 2 in order to remove these decomposition products. 



[0033] 

Two reaction sections 2 may be arranged in parallel, and these may be used by 
switching between the two reaction sections 2 based on detection of a spent condition 
for the reagent 1 by a fluorine component detection means provided in a downstream 
stage from the reaction sections 2. An adsorption element (for example, soda lime) for 
removal of the fluorine component can be provided downstream from the fluorine 
component detection means. 



[0034] 

The method for PFC decomposition 



With respect to methods for decomposing perfluorocompounds in which a 
perfluorocompound-containing gas is brought into heated contact with solid reagent and 
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the fluorine component is fixed by said reagent, the inventive method for decomposing 
PFCs is characterized in that said reagent is reagent according to the present invention 
as described above. Since this reagent as well as the decomposition process and 
decomposition apparatus are the same as in the preceding, the feed to the 
decomposition method and the conditions for the method will be described below. 



[0035] 

The substrate gas is perfiuorocompound-containing gas, in which the 
perfluorocompound concentration is preferably about 0.1 to 10 volume%. Dilution with 
an inert gas such as nitrogen or a rare gas is particularly preferred. 



[0036] 

The perfluorocompound can be exemplified by SF 6 , CF 4 , C2F6, and NF 3 . While the 
effluent gas from a semiconductor fabrication facility may at the same time also contain 
such species as fluorohydrocarbons, chlorofluorocompounds, etc., the inventive 
decomposition method is also effective against these species. 



[0037] 

The heating temperature will vary as a function of the perfluorocompound present and 
the other reaction conditions and is therefore preferably determined as appropriate from 
a consideration of the decomposition rate. Heating to at least 500°C is generally 
preferred, while decomposition rates near 100% can be obtained in particular at 700 to 
800°C. NF 3 can be decomposed at ;> 250°C. 
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[0038] 

The substrate gas flow rate is preferably, for example, about 2 to 10 L/minute per 200 g 
reagent, and a space velocity of 100 to 2,000 hr' 1 is preferred. The reagent filling height 
(apparent residence length) is preferably at least 50 mm and more preferably is at least 
250 mm. 

[0039] 

Examples 

Working examples that specifically illustrate the structure and advantageous effects of 
this invention are described below. 

[0040] 

Example 1 

CF4 gas was first diluted with nitrogen to 1 volume% and was then introduced at 2 
L/minute (SV = 240 hr" 1 ) into a high-temperature treatment tube (the reaction section) 
having an internal diameter of 50 mm and packed with 400 g reagent. A decomposition 
reaction was carried out while controlling the interior temperature to approximately 
800°C using an incorporated heater. The reagent used here was a MgO-AfeOs reagent 
(MgO: 5 weight%) with a diameter of approximately 3 mm prepared by mixing 5 weight 
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parts MgO powder with 95 weight parts AI2O3 powder and a small amount of water, 
compression molding, then grinding and particle sizing. 

[0041] 

The effluent gas was analyzed by nondispersive infrared absorption spectroscopy (ND- 
IR) and the CF 4 decomposition rate was determined using the equation given below. 

[0042] 

decomposition rate = (CF4 concentration in the feed gas - CF4 concentration in the 

effluent gas)/CF 4 concentration in the feed gas x 100 (%) 

The results showed that the decomposition rate reached 100.0% when the internal 
temperature reached 800°C, remained at 100.0% for about 150 minutes, and then 
gradually declined to reach <; 90% after 190 minutes. Fluorine component, e.g., fluorine 
gas, was almost entirely absent from the effluent gas when the decomposition rate was 
100%. 

[0043] 

Example 2 

CF4 gas was subjected to decomposition using the same conditions as in Example 1 , 
with the modification that MgO-Al203 reagent (MgO: 1 weight%) was used in place of 
the reagent used in Example 1 . The results showed that the decomposition rate 
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reached approximately 100% when the internal temperature reached 800°C, gradually 
declined after 120 minutes, and reached <; 90% after 150 minutes. 

[0044] 

Comparative Example 1 

CF4 gas was subjected to decomposition using the same conditions as in Example 1 , 
with the modification that active AI2O3 (NKHD-46HD from Sumitomo Chemical Co., Ltd.) 
was used in place of the MgO-A^Os reagent used in Example 1. Although the 
maximum decomposition rate did reach 100%, a fairly large amount of HF and F2 was 
detected in the effluent gas, and the 100% decomposition rate was maintained for only 
50 minutes. A decomposition rate 2= 90 was maintained for 90 minutes. 

[0045] 

Comparative Example 2 

CF4 gas was subjected to decomposition using the same conditions as in Example 1 , 
with the modification that Ni-MgO reagent (MgO: 13.5 weight%, Ni: 38 weight%) was 
used in place of the reagent used in Example 1 . Even at its highest level the resulting 
decomposition rate was low at approximately 20%. 



[0046] 
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Comparative Example 3 



CF4 gas was subjected to decomposition using the same conditions as in Example 1, 
with the modification that Na20-AI 2 0 3 reagent (diameter about 5 mm, Na20: 1 
weight%) was used in place of the reagent used in Example 1 . Although the maximum 
decomposition rate did reach 100%, the 100% decomposition rate was maintained for 
only 30 minutes. A decomposition rate * 90 was maintained for 70 minutes. 



Figure 1 contains a schematic structural drawing that illustrates an example of the 
inventive decomposition apparatus. 

Reference symbols 



Brief Description of the Drawings 



reagent 



2 



reaction section 



3a-3c 



gas throughflow pathway 
heating means 



4a, 4b 
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(Document Designation) Drawings 



Figure 1 . 



PFC-containing gas 



dilution gas 
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(Document Designation) Abstract 



Abstract 



(Problem) 

To provide a safe, low-temperature, and highly efficient method for decomposing PFCs 
using a chemically stable reagent that also exhibits a stable strength; the reagent used 
by this method; and an apparatus for carrying out this decomposition method. 

(Solution) 

Method for decomposing perfluorocompounds in which a perfluorocompound-containing 
gas is brought into heated contact with solid reagent and the fluorine component is fixed 
by said reagent, characterized in that the reagent contains an alkaline-earth metal 
compound and aluminum oxide. 
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